The relationships of 12 species in six genera in the tribe Anthemideae of the Asteraceae such as Achillea santolina, A. fragrantissima, Anacyclus monanthos, Cotula anthemoids, C. barbata, C. cinerea, Glebionis coronaria var. discolor, Matricaria recutita and M. aurea collected in different localities in Egypt and have been addressed based on polymophism in ITS sequence. Phylogenetic relationships were constructed using bioinformatic tools based on molecular data of ITS sequence. Studied taxa showed cryptic differences in ITS and thus, they could be distinctly separated from the other close relatives of the genera in the tribe Anthemideae.
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The Asteraceae formerly the Compositae is the richest vascular plant family in the world, with 160 -170 genera and 24,000 -30,000 species (Funk et al. 2005) . Classification of the Asteraceae is dominated by the large subfamily Asteroideae that contains more than 70% of the species of the family. Three main lineages within Asteroideae found by molecular studies (Kim and Jansen 1995; Panero and Funk 2008) have been recognized at the super-tribe level as Asteroidae, Helianthodae and Senecionodae. Other large subfamilies include Carduoideae and Cichorioideae each with more than 2000 species (Robinson 2004 (Robinson , 2005 . Anthemideae is the seventh largest tribe of the Asteraceae with approximately 109 genera and 1741 species worldwide grown (Tahir et al. 2002) . Numbers of genera and species have been gradually increasing annually. Principal taxonomic problems within the tribe Anthemideae are almost entirely relationships between genera, but also circumscription of genera especially within subtribe groups such as the Artemiisinae, Chrysantheminae and Tanacetinae (Bremer and Humphries 1993) . Taxonomically the tribe Anthemideae in Egypt is one of the largest tribes related to subfamily Asteroidae (Panero and Crozier 2012) . According to Täckholm (1974) , the Anthemideae in Egypt consists of one of the largest tribes related to subfamily Asteroidae (Panero and Crozier 2012) . According to Täckholm (1974) , Anthemideae is represented in Egypt by 11 genera and 31 species. Nowadays, the molecular markers have been shown to be a powerful tool for assessing genetic diversity and genetic variation with polymorphism at the DNA level (Hong et al. 2012) . Molecular polymorphism derived from variation in the nuclear ribosomal DNA of the internal transcribed spacer (ITS), chloroplast DNA (trnL-trnF, atpB-rbcL, rpoC1, trnH-psbA), inter generic spacer (IGS), external transcribed spacer (ETS), and simple sequence repeat (SSR) technology have been used in plant classification (Ahn et al. 2010; Felsenstain 1985; Masuda et al. 2009 ). The internal transcribed spacer (ITS) region is part of the nuclear ribosomal DNA (nrDNA) encoding ribosome subunits in eukaryotes and one of the most widely used molecular markers for phylogenies of plants, animals, and fungi (Schlötterer et al. 1994; Baldwin et al. 1995; Alvarez and Wendel 2003; Weider et al. 2005; Bailey et al. 2006; Jones et al. 2011) . The sequence analysis of internal transcribed spacer (ITS) region of nuclear ribosomal DNA (nrDNA) between the small sub-unit (18S) and the large subunit (26S) of nrDNA has been used for analysis of phylogenetic relationships within and among closely related genera and identification of species (Baldwin et al. 1995; Suh et al. 1993; Yapwattanaphun et al. 2004) . The main goal of this work is to investigate the phylogenetic relationships constructed via bioinformatics tools based on molecular data of ITS marker in plants of 12 species under six genera, tribe Anthemideae collected from different localities from Egypt.
MATERIALS AND METHODS
Materials of the examined plant species were collected at flowering and fruiting stages from different localities in Egypt and identified using the manual Students Flora of Egypt (Täckholm 1974) . Plants used in this study are belonging to different taxa (Artemisia judaica L., Artemisia monosperma L., Achillea santolina L., Achillea fragrantissima (Forssk.) Sch. Bip., Anacyclus monanthos L. Thell., Glebionis coronaria L., Glebionis coronaria var. discolor, Cotula barbata DC., Cotula cinerea Del., Cotula anthemoids L., Matricaria recutita L., and Matricaria aurea Sch. Bip.) as shown in Table 1 Plant genomic DNA extraction Total genomic DNA was extracted from seeds using the CTAB protocol (Doyle and Doyle 1990; Doyle 1991) . The total genomic DNA concentration μl/ml was calculated using UV spectrophotometer (Spectronic 2000).
Amplification of ITS fragments via Polymerase Chain Reaction (PCR)
The oligonucleotide sequence of primer ITS5 was (5'-GGAAGTAAAAGTCGTAACAAG G-3') which corresponded to the 3' end of the 18s rDNA. The nucleotide sequence of primer ITS4 was (5'-TCCTCCGCTTATTGATATGC-3') which corresponded to the 5' end of the 28s rDNA. Amplification was carried out using a thermal cycler (Thermo Hybaid). 25μl PCR mixture for each PCR reaction contained 200 μM dNTPs, 50 mM KCL, 10 mm Tris-HCl (pH 9.0 at 25°C), 1.5 mM MgCl 2 , 0.1% Triton® X-100, 0.5μM of each primer, 1 unit Taq DNA Polymerase (Promega), and 50 ng template DNA. Cycles of PCR were performed with an initial denaturation of 1 min at 97°C, followed by 27 cycles of 1 min denaturation at 97°C, 1 min annealing at 52°C, and 2 min extension at 72°C, with final extension period of 7 min at 72°C. PCR products were checked by electrophoresis on 1.5% agarose gel using DNA ladder (vivantis VC 100bp Plus, Product No.:NL0401).
Sequencing of amplified DNA Purified PCR products
were sequenced directly in both directions using the two primers (ITS4 and ITS5) by Lab. Technology laboratory as following Sequencing reactions were performed in a MJ Research PTC-225 Peltier Thermal Cycler using a ABI PRISM BigDyeTM Terminator Cycle Sequencing Kits with AmpliTaq DNA polymerase (FS enzyme, Applied Biosystems), following the protocols supplied by the manufacturer. Single-pass sequencing was performed on each template using primers. The fluorescent-labeled fragments were purified from the unincorporated terminators with BigDye XTerminator™ purification protocol. The samples were re-suspended in distilled water and subjected to electrophoresis in an ABI 3730xl sequencer (Applied Biosystems). Consensus sequence was achieved by Clone Manager 9 (Sci-Ed, Cary, NC, USA). The boundaries of ITS1, ITS2, and nuclear rDNA coding regions were determined by comparison with sequence for the 5.8s nrDNA cistron of Chrysanthemum vestitum (Accession No. KC215404).
Phylogenetic analysis Sequences for 12 taxa were sequenced in this study. After being trimmed by cutting the vector sequences using the Editseq program in the DNA Star package (Burland 2000) and removing all the bad sequences determined by the chimera sequenced etection software Mallard (www.cardiff.ac.uk/biosi/ research/biosoft), (www.cardiff.ac.uk/biosi/research/bio soft), all other manually verified nucleotide sequences (626-675 bp), were submitted into the NCBI GenBank database. The obtained ITS sequences were aligned by CLUSTAL W (Higgins et al. 1994) . Gaps were considered as missing data. Nucleotide sequence similarities were determined by using BLAST, version 2.0 (National Center for Biotechnology Information databases). The program jModelTest 0.1.1 (Posada 2008) was used to find the model of sequence evolution that fitted best with the data set. Phylogenetic analyses were performed using Neighbor-Joining method NJ (Saitou and Nei 1987) with the Maximum Composite Likelihood method and maximum parsimony MP (Felsenstein 1992) in MEGA6 (Tamura et al. 2013) . The rate of variation among sites was modeled with a gamma distribution. Inula helenium (Accession No. U84777), Calendula officinalis (Accession No. AF422114) and Grangea maderaspatana (Accession No. AF046951) were used as out-groups and chosen in a tribe other than Anthemideae in the subfamily Astereae because they were known as a sister clade to the tribe Anthemideae according to 2 ATA ET AL. (Jansen et al. 1990 ). In the analyses, trees were tested by the bootstrapping method with 1,000 replications using heuristic search option in MEGA 6.
RESULTS AND DISCUSSION
The amplified products of PCR using ITS4 and ITS5 universal primers showed one monomorphic band with molecular weight about 730 bp of all studied species as shown in Fig. 1 . The amplified fragment was subjected to DNA sequencing.
Size, composition and divergence of ITS gene
The results in Fig. 2 showed DNA sequence of ITS of one representative species (Glebionis coronaria) as example. Sequence lengths divergence and homology between the 12 studied species are shown in 
Phylogenetic relationships
Phylogenetic tree was constructed based on divergence sequence of ITS1 and ITS2 in 11 species and Inula helenium, Calendula officinalis and Grangea maderaspatana as out-groups (Fig.  3) . The phylogenetic tree exhibited two branches, one minor contained three species Cotula barbata and Matricaria aurea (Matricarinae) that were closely related and clustered together and Artemisia monosperma (Artemisinae) was in separated cluster. The other major one is consisting of eight species distributed in two branches. One has only single species of sub-tribe Artimisinae (Artemisia judaica). Other branch contained three clusters. One of them contained Glebionis coronaria var. discolor, Glebionis coronaria that are closely related belonging to sub-tribe chrysantheminae and clustered together. One of them has species Anacyclus monanthos that related to the cluster containing Achillea santolina and Achillea fragrantissima (Achilleinae) and two closely related species Cotula cinerea and Cotula anthemoids (Matricarinae) in one cluster. These data are partially in agreement with those of Sanz et al. (2008) ; Calonje et al. (2009); Masuda et al. (2009) and Riggins and Seigler (2012). The internal transcribed spacer region (ITS) of nuclear ribosomal DNA has been used widely and successfully in angiosperms to infer phylogenetic relationships at the generic and intra-generic levels (Baldwin et al. 1995) . The length of the ITS region varies between approximately 500-700 bp in angiosperms and 1,500-3,700 in some gymnosperms. The ITS region comprises both highly variable parts, namely ITS1 and 2, and the more conserved 5.8S gene, indicating that ITS2 is a useful marker for resolving supra-specific, specific, sub-specific, and even sometimes population-level relationships. Most variation in ITS1 and ITS2 is due to nucleotide substitutions .
The studied species of Asteraseae showed so close, relationships with cryptic differences in ITS with each other and thus, they could be distinctly separated from the Anacyclus monanthos, Glebionis coronaria and Matricaria recutita seemed genetically separated because each genus clustered alone in a separate clade, but they still genetically intermixed. They also concluded that Artemisia judaica and Artemisia arborescens showed genetically distant relationship. Artemisia arborescens showed genetically complex species as it was clustered with Cotula cinerea and showed closely relationship to Matricaria. They also suggested that Glebionis coronaria and var. discolor showed genetic variation with each other and with the other species as well. Resolution may be arisen throughout performance of comparative analysis within these members of Asteraceae at the whole chloroplast genome level (Bock et al. 2014 and Wang et al. 2015) .
CONCLUSION
The present study is considered as a step to resolve the complicated phylogenetic relationships of these taxa and other related species and genera belonging to Asteraceae. Molecular studies of twelve species (Cotula cinerea, Cotula barbata, Cotula anthemoids, Achillea santolina, Achillea fragrantissima, Artemisia monosperma, Artemisia judaica, Matricaria recutita, Matricaria aurea, Glebionis coronaria var. discolor, Glebionis coronaria, and Anacyclus monanthos) using ITS marker were performed. Further extending studies should be planned like those of mitochondrial and chloroplast marker genes and proteomics should be the future goal in the short and long run.
